Populations of the yellow fever mosquito, Aedes aegypti L. are polymorphic for esterase alleles. This could be because the alleles are neutral or because selection protects the polymorphism, as had been concluded from a study of allele frequencies. A test has been carried out to look for possible associations of esterase heterozygosity with speed of development, body size and spine number symmetry in two spine rows. Heterozygotes were found to be larger and slower growing than homozygotes, but there was no difference in degree of asymmetry. There were fewer heterozygotes and a greater deficiency compared with expectation in insects reared at higher temperatures. It is concluded that different genotypes do differ in fitness.
INTRODUCTION
When kept as laboratory stocks, colonies of the yellow fever mosquito, Aedes aegypti are polymorphic for esterase alleles, as they are in the wild. One possible reason for this is that the alleles are neutral, the effective population size in the wild is sufficiently large that the insects taken from it are very likely to be heterozygous for different pairs of alleles and that insufficient time has elapsed for the polymorphism to be lost in the laboratory. The other is that although stochastic fluctuations may be involved, the polymorphisms are maintained by selection. Studies made by Saul, Guptavanij and Craig (1976) and by Mani, Cook and Marvdashti (1986) showed that laboratory stocks have an average of two to three alleles at the esterase six locus, even after many generations of culture in artificial conditions. The pattern of allele frequency distribution makes it unlikely that they are entirely neutral (Mani et a!., 1986 possibility is that heterozygosity, either at the esterase locus itself or in one or more loci linked to it and in linkage disequilibrium, increases the general fitness of the heterozygous individuals. Many studies have now been recorded (Mitton and Grant, 1984; Zouros and Foltz, 1987; Zouros, 1987; Livshits and Kobyliansky, 1985) in which an association has been shown between heterozygosity at enzyme loci and characters such as speed of development, size and bilateral symmetry.
Sometimes the associations are not shown (e.g., McAndrew et a!., 1982; Strauss and Libby, 1987) or are negative (Diehl and Koehn, 1985; Ledig et al., 1983) , but it is probable that non-positive results are under-represented in the literature. We therefore considered the possibility that A. aegypti heterozygous for esterase alleles would score more highly than homozygotes for fitness traits. If so, we would expect the association to be with heterozygosity as such rather than with a particular allele combination.
The larvae have two pairs of spine rows, the comb and pecten, at the posterior end of the abdomen. Spine number is known to be heritable, shows a degree of bilateral asymmetry, and in the case of the pecten, is subject to stabilizing selection during development (Wood, 1976a, b; Wood and Dalingwater, 1975 The stocks used were: a newly colonized one from Venezuela, two which had been maintained for many generations in the laboratory and came from Bangalore, India, and Trinidad respectively, and a line called HP, derived in Manchester by mixing a number of different laboratory strains (Walker and Wood, 1986) . Adults were fed and mass mated, and eggs collected at 28°C. These were hatched and raised at 28°C in the first trial, at the optimal temperature for the species. Two other sets were raised at 32°C and 35°C respectively in order to apply greater stress t the developing larvae. Two replicate batches of larvae were raised from each strain, and scored for number of spines in left and right comb and pecten rows. The time from emergence to pupation was recorded in units of 6 hr, and the length of the pupa in graticule units. The individual pupae were then killed and scored for esterase bands using vertical slab polyacrylamide gel electrophoresis. The original intention was to raise about 100 larvae from each strain in each series, but mortality during development reduced the number raised at the higher temperatures.
Some additional batches were therefore scored at 35°C. Palmer and Strobeck (1986) investigated the efficiency of methods for detecting associations of asymmetry with heterozygosity. They concluded that the most sensitive approach is to calculate and compare the mean squared deviations for each class. These then have to be tested as variance ratios. The other two measures, speed of development and body size, may be compared between groups using the t-test.
The hypothesis we wish to test is that heterozygous individuals have one or all of the following characters compared with homozygotes: greater bilateral symmetry, higher speed of development, and larger size. There is no a priori reason to choose one of these measures over the others as a measure of fitness. The correlation coefficients between the variables are quite low (see below), and we have therefore examined all three. obtained by summing the columns and dividing by the number of rows. There is no tendency for comb or pecten to differ in symmetry between esterase classes, but speed of development is significantly lower in heterozygotes than in homozygotes and the size attained is significantly greater (P <0.05).
If we reject the significant negative association of speed of development with heterozygosity because it is negative, then one wonders whether the significant association with size should be accepted merely because it is positive. On the other hand, we may treat the four comparisons as twotailed tests exploring possible relationships, and combine the probabilities using Fisher's method. The overall result is significantly different from random expectation on this hypothesis (x = 178, P <0025), and esterase heterozygotes are larger and more slow-growing than homozygotes. This would suggest that the esterase alleles do have some differential effects on their carriers.
Although the level of association is low, size and speed of development are positively correlated in the whole data set ( the ratios of heterozygotes to homozygotes decrease with increase in temperature. There is no difference in the ratio between sexes at each temperature. When the sexes are combined, the decline in frequency of heterozygotes from 28°C to 32°C
(=478) and from 32°C to 35°C (=588) are both significant (P<005). Not only are there fewer heterozygotes in insects raised at higher temperatures, but their deficiency compared with expectation also changes. Table 4 gives the 
DISCUSSION
The experiment set out to test for an association between heterozygosity at an esterase locus and fitness-related characters, because it seemed possible that this would give a clue to the way the esterase polymorphism is maintained. Chakraborty (1987) has questioned whether associations of this kind, when they occur, indicate the existence of overdominance, and indeed they may not do so. It is remarkable enough, however, that enzyme loci, picked essentially at random, ever predict fitness-related characters. That they do so implies either that most enzyme loci have a high probability of influencing general fitness directly or that they identify segments of chromosomes in linkage disequilibrium which do so. Koehn et a!. (1988) examined a situation where loci with large effects were a class with specific effects on metabolism.
It is important to know how likely it is that such associations will be found, so that negative data are valuable, as well as positive.
The results obtained do not provide unequivocal evidence for such an association. We originally thought that symmetry was a promising variable to study (Mani et a!., 1986) . There is no association of heterozygosity with symmetry, and the association with speed of development is not in the direction originally predicted. The results do not allow us to speculate on how the polymorphism may be protected. Nevertheless, they do demonstrate the existence of selection, so that the polymorphism cannot be interpreted on the assumption of complete neutrality. They therefore support the conclusion of Mani et a!. (1966) derived from a study of the allele frequency distribution.
